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SCOPE  OF  WORK  OF  COIfTRACT 


"The  Contractor  in  consultation  and  cooperation  witii  trie  Government, 
shall  furnish  tlie  facilities,  personnel  and  other  services  as  may  be  reqxiired 
to  conduct  and  adjpdnister  researci;  on  an  environmental  instrument  package  for 
Civil  Defense  shelters. 

"Itie  Contractor  shall  study  and  explore  tiie  requirements  for  cnvlran- 
mental  measurements,  evaluate  methods  of  measurement  and  available  instruments 
vith  respect  to  complexity,  reliability,  cost  and  desirable  modifications,  and 
prepare  specifications  for  an  instrument  package  that  is  reliable,  econondcai 
and  suitable  for  use  vltii  little  training,  1516  environmental  instrument  package 
ahaJLl  be  used  for  the  detection  of  the  existence  of  unsatisfactory  environmental 
conditions  in  shelters  as  may  be  required  by  taeasuring  temperature,  humidity, 
illuminations,  noise,  oxygen  concentration  and  the  presence  of  noxious  gases  such 
as  carbon  dioxide,  carbon  monoxide,  hydrogen  and  hydrocarbon  vapors, 

"Tbe  Contractor  shall  determine  the  adequacy  of  inetructlona  for  use 
and  information  for  Interpreting  instrument  readings,  and  shall  determine  the 
requirements  for  packing  and  storing  the  Instroment" , 

Within  the  above  quoted  "Scope  of  Work  of  Contract"  It  was  determined 
that  recommendations  v'ere  to  be  developed  covering  ttie  following  areas; 

1.  environmental  condi'.''i.on3  that  constltut;e  potential  hasards  and 
those  tliat  do  not. 

2.  the  allovabA.e  tolerance  limlta  of  tiie  hazardous  condltdons 

3.  hazards  which  are  or  are  not,  self-evident  before  their  lethal 
limits  are  reached 

4.  suitable  techjolques  and  Instruments  to  »>nitor  tiie  hazards 

5.  specifications  for  procurement  of  Instrfjment  packages  for  three 
sizes  of  shelter 

6.  adequacy  of  instruction  material  for  ufte  by  Inerperlenced 
personnel 

T.  modi fl cations  and  improvements  to  existing  Instnimentation. 


APPROACH 


TSie  reoearch  under  this  contract  was  divided  into  the  tt^sksi 

1.  Ocxoault  with  authorities  and  review  the  literature  oa  the  selection 
of  hazardous  conditions, 

2.  Review  and  evaluate  the  literature  \rt.th  reference  to  ths  physiological 
aspects  of  hasard  exposure. 

3»  Review  and  evaluate  the  literature  with  xafersnce  to  detection  tech¬ 
niques  f.r  the  iwieardB. 

< 

4.  Solicit  BBtaufacturcru  infonaatl(»  and  evaluate  saise  for  sui table 
instnaBentation. 

icdrchase,  test,  and  evaluate  sai!q>le  instiusents . 

6*  Recoonend  and  write  specifications  for  three  sises  of  instrument 

packages. 

Xt  was  assuBMd,  in  this  study,  that  three  sises  of  Instrument  packages 
would  ba  saqulred:  Type  I  for  more  than  1000  occupants,  Type  II  for  10-1000 
occupants,  and  Type  ill  for  less  than  10  occupants,  Tbie  cost  and  co3iq>lexity 
of  each  would  be  In  relation  to  the  number  of  people  within  the  shelter.  Further, 
it  waa  assumed  that  the  tine-ln-ehelter  would  be  two  weeks  with  effective  sealing 
of  the  shelter  during  the  first  twenty  four  hours. 

FXBPXIOS 

A  review  of  research  and  tests  dealing  with  this  area  of  Interest  shows: 

1.  Tbe  components  of  an  enYiraaasnt  that  may  become  dangerous  and  ia»at 
vlU  xeqidre  monitoring  devices  are  teimpemture,  relative  humidity,  differentia' 
pveeswei  the  ocncentratlcns  of  oxygen,  caibon  dioxide,  cazbon  af^Roxlde,  nitrogen 
dioxide,  hydrogen,  ana  hydrocarbon  vapors  in  toxic  ^md  explosiw  concentratimw. 

2.  Om  tolexance  levels  of  these  coegtanents  are  time-dependent.  They  are, 
for  a  fourteen  day  expoeure: 

a.  teim^xature  and  relative  humidity  (Interrelated)  -  from  TT^f  aod 
100J(  relative  humidity  to  112^r  and  10^  relative  humidity  upper 
limit,  to  and  10^  -  100](  relative  huoddity  Xower  limit. 


b. 

dlfferr-ntial  pressure  (for  shelter  pressuriting  only) 

-  0.2"  W.G. 

c. 

oxygen  i;oacentratlon 

131^  to 

66^  by  volume 

d. 

carbon  dioxide  concentration 

5,000 

ppm 

e. 

carbon  monoxide  concentration 

20 

ppm 

f. 

rdtroger.  dioxide  concentration 

5 

ppm 

g« 

hydrocarbon  vapor  concentration- 

toxic  -  100 

ppm 

h. 

hyd'oearbon  vapor  concentration, 

explosive  -  30»000 

ppm 

Design  ranges  for  ncaltorf.ng  instruments  are; 

&. 

temperature 

25°F  to  125®P 

b. 

relative  huxrddicy 

0  to  100^  relative  hunddlty 

c. 

differential  pressure 

0  to  2.0"  W.G. 

d. 

oxygen 

0  to  2^%  by  volume 

e. 

caid)on  dioxide 

-  0.5^  to  5.0lt  by  volume 

f. 

carbon  monoxide 

-  5  to  100  ppm 

g- 

nitrogen  dioxide 

-  2  to  10  ppm 

li. 

hydrocarbon  vapor,  toxic 

-  25  to  100  ppm 

i. 

hydroeax-bon  vapor,  explosive 

0  to  100^  coQcentratloa. 

k.  I>2tect.lon  technlqxjiiss  suited  to  shelter  requirements  and  personnel 
arc  for  - 

a.  tenq;M!!rature  measurement,  a  liquid  in  glass  or  differentieUL 
expansion  thenaooeter 

b.  relative  buoddity  neasurement,  a  sling  psychrcNBeter  or  animal 
mntrnxm  hygrometer 

c.  differential  preseirre  sMeasufe’wnt,  a  liquid  f.  Med  aanoMeter 
or  slack  diaphragm  gauge 

d.  oxygen  concentration,  a  torsional  naagnetic  susceptabillty 
type  or  dcpolarlxaUon  veil  type  indicator 

e.  toxic  gas  coacent rations,  glass  tube  indicators 

f.  explosive  vaper  concentrations ,  a  thernmUL  cooimstion  indicator. 
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tTftXmted. 


Instrument  packages  for  the  :j.ree  aiaes  of  shelter  have  been 
M  procui^fflent  specification  for  each  vill  include  » 


a.  T^rpe  I  Shelter  -  a  biraetol  thenaometer,  an  animal  taendirane 
hygrcMMSter,  a  U-cube  raanca*ter,  a  susceptabiUty  type  cygen 
detector,  a  liiertml  combustion  type  expxwsive  vipor  detector, 
aad  separate  glass  tube  indicators  for  carbon  laonoxide,  carbon 
dioxide,  nitrogen  dioxide,  and  toxic  hydrc''arbon  vapors. 

b.  ^ype  II  aielter  ~  a  bimetal  thermometer,  a  sling  psychrometer, 
a  U>tube  manometer,  an  Orsat  'fype  oxygen  detector,  a  thermal 
coeinjstloQ  type  explosive  vapor  detector,  and  separate  gla 
tube  indicators  for  carbor  monoxide,  carbon  dioxide,  nitrogen 
dioxide,  end  toxic  hydrocarbem  vapors. 


lype  III  flMlter  -  a  sling  psychrcxKter  and  glass  tube  detectors 
for  carbon  monoxide  and  carbon  dioxide. 


\ 


]«CX19PGDM^TI0V3 

9m  iaatrummnt  aval  .atlon 


^  Uuy\/ 


revealed  deficiencies  in  every  device 


rr^ 


«iiimi»  NimkmlftM 


^conmended 


rerlsiOBs  to  axletisg  e(iuipnb.it  relate  to:  ^ 

a.  Attach  brief  c^rwtLng  instructions  ^  the  body  of  the  ^vlce 

i 

b.  Ghlibratmd  s^las  vlth  maxlami  allowable  concentrations  marked, 
should  bm^  Integral  part  of  acu:b  device 

o.  fliv*  anticipated  accuracy  of  readings  wj.th  correctioo  factors 
fo^  tea|sermture  and  altitude 

, 

Ext'uid  ^If  life  of  glass  tube  indlcatori  to  five  years  if  possible. 
BselmMP  elaatcidmi^  materials  and  even  the  entire  device,  in  an  airtight  plastic 


ta|g^'p(rot»et  compooeata  from  deterloxmting  vapors. 

(3) 

Steadardlae  glass  tube  else,  gas  flow  rate  ead  gaa  flow  voIxsm  for 
tribaa  ct  iiailar  aature.  If  thia  ia  dona,  than  a  slagle  air  mover  of  universal 
daalgn  can  be  uaad  with  an  overall  aarlag  in  cost. 


/  u  Itev  Instninifinta  ,  ' 

j  a*  Effective  '^temperature  Indicator,  A  device  cem  be  made  that 
will  Incorporate  tiie  effects  of  temperature  and  humloity  in  a  single  indica¬ 
tion  of  Effective  Temperature.  It  is  self  contained,  requires  no  power  and 
continuously  in  operation.  Tue  davlce  could  replace  both  the  themionie Isr  and 
hygrometer  in  JSielter  Packages  at  a  saving  in  cost. 

^  1>.  Pllaraent  type  Rygrometcr,  The  filament  or  hair  hygrometer  is 
limited  in  use  by  the  fragile  nature  of  the  sensing  element.  It  is  recommended 

y 

y 

that  the  hair  element  be  replaced  by  a  plastic  strip  slndlar  to  those  used  in 
present  dAi  'jommarelal  hunddlstats. 


Glass  Tube  For  ^Ij^gen^  Glass  tube  detectors  are  available 
for  all  other  gases  of  interest  in  shelter  work  except  oxygen.  It  is  nsconraended 
that  development  of  such  a  tube  bat^arried  out  for  a  detection  range  of  to 
235^  ccmcentratioo. 


<Z#  C!art)on  Dioxide  Detecto^  A  unique  method  Is  under  investigation 
for  measuring  caxhon  dioxide  on  a  continuous  basis.  It  uses  the  water 

ioolsatlon  principle  and  has  potential  as  a  small,  inexpensive  device.  Devel- 
opcsent  of  such  a  device  for  shelte  'ise  should  be  encouraged. 

Exposure  Detectors. very  interesting  detector  for  carbon 
mdhoxlde  is  presently  made  that  has  all  the  features  of  an  excellent  shelter 
instrument.  It  Is  very  small  (a  do£en  fit  in  tiie  pocket)  and  requires  only  a 
sealed  envelope  to  be  opened.  Exposure  of  a.  chemical  to  the  gas  changes  the 
cbeoical's  color,  unfortunately,  the  device  is  qualitative,  not  quantitative, 
so  that  a  true  baaard  evaluation  is  difficult.  It  is  recoomended  that  devel¬ 


opment  of  a  device  of  this  character  be  carried  out,  one  that  ml^t  have  several 
chemical  sections,  each  sensitive  to  a  different  concentration  of  gas.  What¬ 
ever  direction  Is  taken,  the  present  device  Illustrates  that  the  problem  can 
be  solved. 


